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Patented Nov. 8, 1927.

UNITED STATES

1,648,049
PATENT OFFICE.

HARRY A S. HOWARTH, OF PHILADELPHIA, PENNSYLVANIA, ASSIGNOR, BY MESNE
ASSIGNMENTS, TO KINGSBURY MACHINE WORKS, INC.,, OF PHILADELPHIA, PENN-
SYLVANIA, A CORPORATION OF DELAWARE.

COOLING SYSTEM FOR TIiRUST BEARINGS.

Application filed August 10, 1922. Serial No. 580,965,

This invention relates to thrust bearings
and, while of utility in conjunction with
thrust bearings applied to a wide variety of
uses, has particular reference to thrust bear-
ings for electrical apparatus.

It has heretofore been proposed in the
patent to Albert Kingsbury, 1,260,548, grant-

- cd March 26, 1918, to cool the bearing sur-
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faces of a thrust bearing by forming the
stationary bearing member as-a collar pro-
vided interiorly with. passages in proximity
to its bearing surface through which a cool-
. ing fluid may be circulated. When the bear-
ing includes tiltable or flexible bearing seg-
ments or shoes to provide for, the automatic
formation of wedge-shaped oil films between
the bearing surfaces in conformity with the
principle of the Kingsbury bearings, the use
of a collar with cooling passages in proxim-
ity to its bearing surface as the stationary
bearing member requires that the tiltable or
flexible bearing segments or shoes form a
part of the rotatable bearing member This
arrangement is not always desirable becanse
the bearing segments or shoes are subjected
to centrifugal force owing to their rotation
and must be constrained against radial move-
ment under the action of such force; more-
over the mounting of the. tiltable bearing
segments or shoes as a part of the rotatable
bearing member affects the facility of as-
sembly and disassembly of the bearing parts.
If the collar with cooling passages form a
part of the rotatable bearing member, on the
other hand,so as to permit the bearing seg-
-ments or shoes to form a part of the station-
ary. bearing member, there is introduced the
.ifficulty of supplying the cooling passages
in the rotatable member with a cooling fluid,
owing to the difficulty of maintaining fluid-
tight joints or connections between said ro-
tatable . member and the stationary parts
which convey the cooling fluid to and from
said member. Even though packing glands
or stuffing boxes be employed which prevent
leakage when the bearing is assembled, the
wear between the relatively rotatable parts
soon results in leakage between said parts.
This becomes of particular moment in the
‘ease of thrust bearings for electrical appa-
ratus, such as hydro-electric units for ex-
ample, where it is common to dispose the
thrust bearing above the electrical appa-
ratus ¢o that it sustains the weight of the

unit. In such an arrangement, water leak-
ing from the thrust bearing parts may flow
down onto the electrical apparatus and in-
jure the same. :

It is an object of this invention to pro-
vide a thrust bearing with cooling passages
in the relatively rotatable bearing member
and with means for supplying said cooling
passages with a cooling fluid which avoids
the difficulties which would arise from leak-
age if the cooling fluid should be supplied
to said. rotatable member through a rela-

tively stationary supply system cooperating

therewith.

. Another object of this invention is to pro-
vide a thrust bearing for electrical appa-
ratus whereby the rotatable bearing mem-
ber may be cooled by circulating a cooling
fluid therethrough without danger of injury
to the electrical apparatus. :

Another object of this invention is to pro-
vide a thrust bearing for turbine units which
takes advantage of the suction created by
the operation of the turbine to facilitate the
circulation of a cooling fluid through the
hearing parts. '

Other objects relate to the provision of
a cooling system for the rotatable member
of a thrust bearing which is simple in con-
struction and which enables the efficient
coonling of the bearing surfaces without com-
plicating the bearing and without danger of
leakage of the cooling fluid in a manner to
cause. injury to the apparatus with which
said hearing is associated.

Stated broadly the invention comprises a

thrust bearing.including relatively rotatable

bearing members, cooling passages in the ro-
tatable bearing -member, and a passage in
the shaft communicating with said cooling
passages and through which said cooling
passages are supplied with a cooling fluid.
Said shaft passage is supplied with the cool-
ing fluid at any suitable point where any
leakage that may occur will not injure the
apparatus with which the thrust bearing is
associated. In the case of electrical appa-
ratus, the shaft passage is supplied with the
cooling fluid below the electrical apparatus
so that any escaping fluid cannot flow down-
wardly onto the electrical apparatus. The
cooling fluid is withdrawn from the cooling-
passages at any suitable point where injury
from leakage will not occur, preferably be-
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low the apparatus with which the thrust
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bearing is associated, especially in the case of
electrical apparatus. In the event that the
thrust bearing is used in conjunction with a
turbine, the exit of the cooling passages is

“preferably so disposed that the cooling fluid

passing through the same is subjected to the
suction created by the operation of the tur-
bine so that advantage may be taken of this
suction to facilitate circulation of the cool-
ing fluid through said passages.

The invention is capable of receiving a
variety of mechanical expressions, one of
which is shown on the accompanying draw-
ings, but it is to be expressly understood

~that the drawings are for the purpose of

illustration only and are not to be construed
as a definition of the limits of the invention,
reference being had to the appended claims
for that purpose.

In said drawings— )

Fig. 1 is a schematic elevation of a hydro-
electric unit equipped with the present in-
vention;

Fig. 2 is an axial section through a thrust
bez(liring embodying the present invention;
an

Fig. 8 is a transverse section through a
‘member constituting means of communica-
tion between the shaft passages and the cool-
ing passages in the rotatable bearing mem-

er. : :
Fig. 1 illustrates schematically a-hydro-
electric unit of any suitable construction
provided with a thrust bearing which is
cooled in conformity with the present in-
vention. A turbine 10, supplied with water
through the intake 11, drives any suitable
electrical apparatus, such as a generator 12.
The shaft 13 of the unit is shown as-pro-
vided with any suitable steady bearing 14
and, at the upper end of the shaft, with a
thrust bearing 15 of any suitable construc-
tion.

In the form illustrated, the shaft 13 ex-
tends through an aperture in a suitable
frame or foundation 16 and carries a thrust
block 17 of any suitable construction keyed
thereto in any suitable way. Mounted on
said thrust block 17 is a thrust collar 18 con-
nected therewith in any suitable way, as by

bolts 19. Cooperating with the bearing sur- -

face 20 of said thrust collar is a stationary
bearing member of any suitable construc-
tion, shown as comprising a plurality of
bearing segments or shoes 21 having bearing
surfaces 22 and flexibly or tiltably mounted,
through interposed blocks 23, on the spheri-

_cally-shaped heads 24 of adjustable jack

screws 25 in a base ring 26 of any suitable

" construction.: As the details of construction

of the stationary bearing member constitute
no part of the present invention further de-
scription thereof is deemed to be unneces-
sary. '
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In conformity with the present inventiom,
the thrust collar 18 is provided with.cool-
ing passages 27 in proximity to the bearing
surface 20 of said collar, said cooling pas-
sages having any suitable arrangement for
conveying cooling fluid therethrough in
heat-abstracting relation to said bearing sur-
face. For example, said cooling passages
may divide at the inlet and cause the cool-
ing fluid to flow back and forth any desired
number of times before they join at the out-
let, or they may take the form of a-spiral
extending from the inner to the outer periph-

-ery of the collar, or vice versa. While the’

cooling passages have been shown as formed
in a separate collar mounted on the thrust
block, however, it is to be understood that
if desired a separate thrust collar may be
dispensed with and the thrust block itself
may be provided with interior cooling pas-
sages in proximity to its bearing surface.
In conformity with the present invention,
the shaft is also provided interiorly with

one or more passages-supplying the cooling «

passages 27 with a cooling fluid. In the
form shown, the shaft is drilled or bored,
as illustrated at 29, from its upper end to
a point 30 below the place where the cooling
fluid is to be introduced into the passage
afforded by said hore 29, and a hore of small-
er diameter, as illustrated at 81, is continued
to a suitable exit or delivery opening, pref-
erably at or adjacent to the lower end of the
shaft. Mounted within the bore 29 is a pipe
32, which is of smaller diameter than the
bore 29 so as to provide an annular inlet pas-
sage 33 between the interior wall of the bore
29 and the exterior wall of the pipe 32. and
which communicates with the bore 31 of re-
duced diameter to constitute therewith an
outlet passage.

The inlet and outlet passages thus pro-
vided in the shaft communicate with the
cooling passages 27 in the rotatable bearing
member in any suitable way. In the form
shown, a housing member 34 is secured on
the end of the shaft 13 so as to provide a
fluid-tight joint therewith and is provided
interiorly with separate passages 85 and 36.
Passage 35 has an inlet opening 37 which
registers with the bore or passage 29 in the
shaft 13, and passage 36 has an outlet open-
ing 88 which receives the upper end of the
pipe 82. If desired said housing may be pro-
vided with a strainer to prevent entrance
of dirt into the cooling passages, and may
also be supplied with an air cock to permit
escape of air and for testing whether or not
the system is full of cooling fluid. The pas-
sages 35 and 36 in the member 34 in turn
communicate respectively with the inlet and
outlet of the cooling passages 27 in any suit-
able way. In the construction illustrated,
pipes 39 and 40 are suitably secured at their
upper ends to the member 34 o as to form
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fluid-tight joints therewith and are in com-
munication with the passages 85 and 36 re-
spectively, and said pipes are suitably se-
cured at their lower ends to the thrust collar
18 so as to form fluid-tight joints therewith
and are in communication with the inlet and
the outlet respectively of said cooling pas-
cages 27. It is to he expressly understood,

however, that while the conduits affording
communication between the shaft passages:

and the cooling passages have, for convén-
tence of construction, been shown as applied
exteriorly to the shaft, the thrust block and

the collar, said conduits may if desired be

formed interiorly of these members.

The inlet passage in the shaft is supplied
with a cooling fluid in any suitable way. In
the form shown, the shaft is surrounded by
a stationar; housing member 41 provided
with an interior annular chamber 42 and
having at its opposite ends packing glands
43 and 44 to minimize or prevent leakage
from the interior of said member along the
shaft. The chamheér 42 of the stationary
member 41 is in communication with the bore
29 of the shaft 13 through one or more
radially disposed passages 45, and also in
communication with any suitable source of
cooling fluid through pipe 46. When the
cooling system of the present invention is
applied to a thrust bearing for a water tur-
bine. the pipe 46 may conveniently commu-
nicate with the intake of the turbine if suffi-
clent pressure exists therein to effect the de-
sived circulation of water through the shaft
and cooling passages. It is to be expressly
understood, however, that the cooling fiuid

.may be supplied to the chamber 42 by any

suitable means or from any suitable source.
The stationary member through which the
shaft passage is supplied with cooling fluid
may be positioned at any desired point along
the shaft where leakage therefrom will not
injure the apparatus with which the thrust
bearing is associated. Thus, as illustrated in
Fig. 1, the member 41 is disposed below the
electrical apparatus and may be convenient-
Iy ‘located adjacent to or be formed as a

part of the steady bearing 14. In fact where’

the steady bearing is lubricated by water un-
der pressure, as is sometimes the case, the
water may be taken directly from the steady
bearing or its supply thereto if the pres-
sure is sufficient to effect the desired circula-
tion through the shaft and cooling passages.

The exit of the delivery passage 32. 81
may be located at any desired point where
there is no danger of injury to the associated
apparatus from any leakage that may occur.
As above pointed out, the said exit may be
disposed at or adjacent to the end of the
shaft; and is preferably so positioned when
the thrust bearing is associated with a tur-
bine unit, as illustrated in Fig. 1, so that the
suction created by the operation of the tur-

8

bine may be taken advantage of in facilitat-
ing the circulation of the cooling fluid
through the shaft and cooling passages.
When the exit of the delivery passage 31 is
located at or adjacent to the end of the shaft

70

carrying the water wheel, the suctioh exist-

ing at the apex of the cone at the upper end
of the water wheel will aid in effecting a dis-
charge of the water from the outlet passage
82, 31 into the draft tube.

In operation, " the cooling fluid flows
through the pipe 46 into the chamber 42, and
from the latter through the passages 45,
which are constantly in communication with
the chamber 42, into the inlet passage 83. In
the latter passage the cooling fluid flows up
the shaft, and through the passage 35 and
pipe 39 into the inlet of the cooling passages
27.  After circulating through said cooling
passages the cooling fluid flows out through
the pipe 40 and passage 36 into the pipe 32,
whence it is discharged through the pas-
sage 31. : : ‘

It will therefore be perceived that a thrust
bearing has been provided with cooling pas-
sages 1n the relatively rotatable bearing
member while avoiding at the thrust bear-
ing any joint between relatively rotatable
parts in the system for supplying said pas-
sages with cooling fluid. Thereby all danger
of leakage at the thrust bearing, and flow
of the cooling fluid down onto the apparatus
with which the bearing is associated, is en-
tirely avoided. This is of relatively great
moment when the thrust bearing is asso-

clated with ‘electrical apparatus, as illus-
trated 'in Fig. 1, as it is apparent that the

inevitable leakage from a joint between
relatively rotatable parts in a water circu-

lating system, if located at the thrust bear- 1

ing, would result in water flowing down onto
and 'injuring the electrical apparatus. By
supplying the inlet passage with cooling
fluid below the electrical apparatus, however,

and forming the passages to and from the i!

cooling passages in or on the rotatable parts,

any leakage that may occur at a joint be-

tween relatively rotatable parts can cause no
injury. At the same -time, advantage has
been taken of the suction arising from the
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operation of the turbine, when the thrust -

bearing is associated with a turbine unit, to
facilitate the circulation of cooling fluid
through the cooling passages. Moreover, the
rotatable member of the bearing has been
provided with cooling passages whereby the
bearing surfaces may be efficiently cooled by
a fluid circulated: in proximity thereto
without materially complicating the bearing
and without the necessity of mounting the
flexible or tiltable bearing segments or shoes,
when such are employed, as a part of the ro-
tatable bearing member. :
While the embodiment of the invention il-
lustrated on the drawings has been described

120 7
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with considerable particularity, it is to be
expressly understood that the invention is
not limited thereto, as the same is capable of
receiving a variety of mechanical construc-

5 -tions, some of which will now readily sug-
gest themselves to those skilled in the art,

while changes may be made in the details of
construction, arrangement and proportion of

- parts, and certain features used without
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other features thereof, without ‘departing
from the spirit of the present invention.
Reference is therefore to be had to the claims

hereto appended for a definition of the lim-

its of sald invention.

What is claimed is: :

1. A thrust bearing for electrical units in-
cluding electrical apparatus and relatively
rotatable thrust-bearing members associated
with the shaft of said apparatus abbve the
same, one of sald bearing members having
pdssages for a cooling fluid and said shaft
having inlet and outlet passages for the
cooling fluid in communication with - said
passages in the bearing member.

9. A thrust bearing for electrical units in-

_cluding electrical apparatus and relatively

rotatable thrust-bearing members associated
with the shaft of said apparatus above the
same, one of said bearing members. having
passages for a cooling fluid and said shaft
having a passage in communication with
said passages in the bearing member, and
means for introducing a cooling fluid into
caid shaft passage below said electrical ap-

> paratus.

3. A thrust bearing for electrical units
including electrical apparatus and relatively
rotatable thrust-bearing members associated
with the shaft of said apparatus gbove the

~same, one of said bearing members having

paszages for a cooling fluid and said shaft
having inlet and outlet passages in com-
munication with said passages in the bearing
member, and means for introducing a cool-
ing fluid into and withdrawing the same
from said shaft passages below said elec-

-trical apparatus.

4. A thrust bearing for electrical units in-
cluding electrical apparatus and relatively
rotatable thrust-bearing members associated

with the shaft of said apparatus above the:

same, the rotatable bearing member havin
passages for a cooling fluid and said shaft
having a passage in communication with
said passages in the bearing member, and a
stationary member surroundihg said shaft
below said electrical apparatus and having
its interior in communication with said shaft
passage and a source of cooling fluid.

5. A thrust bearing for electrical units in-
cluding electrical apparatus and relatively
rotatable thrust-bearing members associated
with the shaft of said apparatus above the
same, the rotatable bearing member having

1,648,040

having inlet and outlet passages in com-
munication with said passages in the bear-
ing member, and means for supplying said
inlet passage with a cooling fluid, said out-
let passage delivering the cooling fluid
through the lower end of said shaft.

6. A thrust bearing for electrical units in-

‘cluding electrical apparatus and relatively

rotatable thrust bearing members associated
with the shaft of said apparatus above the
same, the rotatable bearing menmber having
passages for a cooling fluid and said shalt
having inlet and outlet passages in com-
munication with said passages in the bearing
member, and a stationary member sur-
rounding said shaft below said electrical ap-
paratus for supplying said inlet passage
with a cooling fluid, said outlet passage de-
livering the cooling fluid through the lower

end of said shaft. .

7. In a rotatable thrust bearing, a shaft
having a thrust collar provided with =«
ra.dia'ﬁy extending bearing surface sur-
rounding said shatt, said collar being .piu-
vided with interior cooling passages in
proximity to its bearing surface, and a co-
operating bearing member, said shaft hav-
ing passages for conveying a cooling fluid
1;0 and from said passages in the thrust col-
ar.
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8. In a rotatable thrust bearing, a shaft -

having a thrust collar provided with a
radially extending bearing surface sur-
rounding said shaft, said collar being pro-
vided with interior cooling passages in
proximity to its bearing surfaee, and tilt-
able bearing segments cooperating with said
bearing surface, said shaft having inlet and
outlet passages for a cooling fluid in com-
munication with the passages in said thrust
collar. ° .

9. In a thrust bearing, a shaft having
relatively rotatable thrust-bearing members
associated therewith, the rotatable bearing
member having. cooling passages and said
shaft having a passage for conveying a
cooling fluid to the passages in said bearing
member, and a stationary member surround-
ing the shaft and having its interior in com-
munication with said shaft passage and a
cooling fluid conduit.

10. In a thrust bearing. a shaft having
relatively rotatable thrust-bearing members
associated therewith, the rotatable Dearing
member having cooling passages and said
shaft having inlet and outlet passages-ex-
tending longitudinally thereof for convey-
ing cooling fluid to and from said passages
in the bearing member. '

11. In a thrust bearing, a‘ shaft having
relatively rotatable thrust-bearing members
associated therewith, the rotatable bearing
member having cooling passages and said
shaft having a passage in communication

passages for a cooling fluid and. said shaftwith the.inlet of said cooling passages and
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& source of coo_lihg fluid, and a pipe in said
passage in_communication with the outlet

- of said cooling passages, said pipe forming

‘@

1

with said ‘shaft passage a passage for the
cooling fluid. L -
12. In a thrust bearing, a shaft provided
with a thrust collar, a cooperating bearing
member, said shaft having inlet and outlet
passages and said thrust collar having cool-
ing passages, and a housing cooperating with
the end of said shaft and said collar and

" forming means of communication - between

said shaft passages and said cooling pas-

sages. - o
" 18. In a thrust bearing for a water tur-
bine, relatively rotatable bearing- members
associated with the shaft of said turbine,
the rotatable bearing member ‘having cool-
ing passages and said shaft having inlet

_and outlet passages for a cooling fluid in

. communication with said cooling passages,
- said outlet passage having a delivery open-

30

" sage communicating with said cooling pas- .
- sages and a source of water sup}illy and an
‘outlet passage communicating wit

ing where the cooling: fluid flowing there-
through is subjected to the suction created by
the operation of the turbine.

14. In a thrust bearing for a water tur-
bine, relatively rotatable bearing members
ascociated with the shaft of the turbine, the

. rotatable bearing -member having cooling

passages and said shaft having an inlet pas-

said cool-
ing passages, said outlet passage having its
delivery opening at the end of the shaft
carrying the turbine rotor. ‘

15. In a thurst bearing, a shaft provided

with a thrust block, a collar mounted there-
on and provided with a bearing surface and
cooling passages, said shaft having inlet and
outlet passages for a cooling fluid, and
means of communication between said shaft
passages and said cooling passages. .

16. In g thrust bearing, a shaft provided.

with a thrust block, a collar mounted there-
on and provided with a bearing surface and
cooling passages, said shaft having inlet and
outlet passages for a cooling fluid, and con-
duits carried by said thrust block and con-
stituting means of communication between

'said shaft passages and said cooling pas-

sages.

17. In a thrust bearing for turbines, rel-
atively rotatable bearing members including
a thrust collar and a thrust receiving mem-
ber, one of'said bearing members having cool-
ing passages, means for supplying said pas-
sages with cooling fluid, and means for dis-
charging the cooling fluid provided with an
exit where said fluid is subjected to suction
resulting from the operation of the turbine.

18. In a thrust bearing for turbines, rel-

a thrust collar and a thrust receiving mem-
ber, the rotatable bearing member having
cooling passages, a shaft having passages
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“atively rotatable bearing members including

for conveying cooling fluid to and from said

cooling passages, and means for discharging -

the cooling fluid provided with an exit where
said fluid 1s subjected to suction arising from
operation of the turbine. : :

T have signed this

In testimony whereof
specification. . ‘
- - HARRY A. 8. HOWARTH..
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